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Description 
Methods for Preparing Coated Drug Particles 
and Pharmaceutical Formulations Thereof 

1.0 Background of the Invention 

The present application is a continuing application of U. S. Provisional Patent 
Application Serial No. 60/108,847, filed November 18, 1998, and U. S. Provisional Patent 
Application Serial No. 60/110,291, filed November 30, 1998, the entire contents of each of 
10 which is specifically incorporated herein by reference in its entirety. 

LI Field of the Invention 

In general, the invention relates to drug particles or drug delivery particles coated with a 
biodegradable or biocompatible material, such as a polymer, to control surface properties, drug 

15 diffusion rates and release rates. More particularly, the invention provides methods for 
preparing pharmaceutical compositions that are coated with ultrafine layers of organic 
polymeric coating materials applied through the non-aqueous, non-solvent technique of vapor 
dep ^!^-^ r0Cesses such 35 P u,sed laser ablation. Among the many advantages of the 
disclosed methods are control of coating both the thickness and uniformity of the coating onto 

20 the surfaces of the selected particulate drug. 

1.2 Description of Related Art 

Currently, aqueous/solvent (wet/sol) techniques are used to produce polymeric coatings 
onto particulate materials (Zeng, 1995). Poly(lactic acid)" (PL A), po!y(giycolic acid) (PGA), 

25 and their copolymers poly(lactic-co-glycolic acid) (PLGA) have been used to create 
microspheres that are currently being researched for pulmonary drug delivery of several drugs, 
but common solvent-evaporation techniques produce low encapsulation efficiencies (1-10%) 
and complicated processing (Talton, 1999). Unfortunately, the present methods of applying 
these c oatings onto particles for pulmonary drug delivery have not yet effectively achieved 

30 particles in the micron size range. 

Dry-powder inhalers (DPI) are used to deliver various drugs to the lungs for either 
localized or systemic delivery (Zeng. 1995). Although the current drug delivery systems are 
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2.1 Methods for Preparing Coated Drug Particles 

The method of the present invention involves phys ical vapor d eposition (PVD) of the 
polymer coating onto the surface of the target panicle. Means for ad^^T^S are well 
known in the art, and include such methods as thermal evaporation, sputtering, and laser 
• ablation of a target material to produce a flux of coating particles, which are then contacted with 
the host particles, and allowed to form a coating thereon. Depending upon the amount of vapor 
or the length of deposition, the number of coating panicles, and the thickness of the resulting 
layer of coating onto the host panicle can be varied to achieve the particular objectives of a 
given coating process. 

In the coating of drug particles, the inventors have developed the use of PLD or pulsed 
laser ablation in the preparation of ultrafine drugs having atomic to nanometric-sized paniculate 
coatmgs that impart improved pharmaceutical properties to the resulting coated drues Th e 
present coating methods are particularly desirable, since the drug particles themselves are not 
subjected to conditions that would decompose, destroy, or alter the activity of the drug itself. 
The use of PLD also minimizes the thermal decomposition or denaturation of the coating 
material itself, and permits the deposition of the material onto drug particles that may be 
mamtained at ambient temperature during the deposition process. Laser ablation is a substantial 
improvement over the thermal deposition and sputtering, methods of the prior art that are often 
unsuitable for depositing organic polymer coatings onto organic or inorganic drug particles. 

Through regulation of the physical parameters of the deposition process (including vapor 
pressure and coating exposure time) the skilled artisan may now for the first time prepare a 
vanety of particulate drugs that comprise ultrafine particulate coatings. I n particular the 
method affords the control of both the extent of particulate coating, and the thickness of the 
resultmg coating layer on the surfaces of the drug particles. Both relati vely thick coating layers 
and relatively thin coating layers may be produced by controlling the extent of laser ablation 
process and the exposure of the target particles to the coating vapor. 

Likewise, to provide optimum deposition of the coating onto the surface of the drug 
particle, fluidization means or an agitation means may be employed to agitate the host particles 
dunng the coating process both to prevent agglomeration of the resulting coated panicles and 
also to control the extent of coating thickness onto the host particles. Such fluidization means 
may mvolve a physical stirring or alternatively may involve subjecting the target particles to a 
stream of air or gas or other fluid to agitate the particles during the vapor deposition process 
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The present method provides improved means for producing individual hos, particles ,ha t 
remain non-agglomerated after the deposition step. 

The materials employed in the coating process are preferably materials such that when 
ablated by an energy source, comprise a vapor of discreet panides that are extremely small- 
» .vptcally preferred are coating particles that are sized on the order of from about , ,o 100 or so 
nanometers in average dimeter. Whi.e the deposition materia* employed in the preparation of 
coated drug panicles may comprise an inorganic „ r an „ rganic raaterial> in 
embodiments the inventors have found particular benefits in selecting an organic polymer for 
laser ablation and deposition onto the surface of pharmaceutical compou^s. Particularly 
preferred as coating materia* are organic compounds such as PLA, PGA. PLGA. and related 
polymers, and runctionalized derivatives thereof. 

The inventors have shown that these polymers may be readily deposited onto the surface 
of drug panicles in preferred particle sizes and layer thicknesses using the laser ablation 
apparatus and method disCosed herein. This method may be used to deposit one or more .avers 
of nanometric-sized coating (each on the order of from about > nm to about .000 or so nm in 
fttckness) „„ core particles tha, range on the order of from about 0. 1 nm to about 500 nm in 
dtameter. The average size of the resuming coated drug particles have been demonstrated on the 
orderoffromaboutO.I to about 500 um or so in diameter. 

The PLD process for coating th. drug particles of the present invention is illustrated in 
*e text herein, and in the accompanying figure* For example. FIO. .A and FIG. IB show 
schema.* diagrams of an illustrative experimental setup for PLD of coatings onto host panicles 
Thts setup mcludes a target and the particu.a.e substrate contained within a vacuum chamber 
The scalable chamber is provided so that Ac atmosphere within the chamber may be controHed 
as to the parucular gases present and as to the partial pressure within the system using common 
«chno.ogy. A laser beam enters the chamber through a suitably transparent window (such as 
quanz) and interacts with the torge, The radiation f, 0 m the laser is absorbed bv the target 
matena. based upon its absorption coefficient. Due to the coupHng of the laser photons with the 
Urge,, the surface of the urge, material is rapid.y heated and expands from the surface into the 
back-filled atmosphere in the form of a flux of ablated species called a plume. Due to collisions 
between neighboring atoms, polymer chains, and clusters, nano-pariic.es form in flieh. that are 
*en deposited onto the core particles, in this case the core is micronized drug particles The 
polymer target may be rotated during the ablation process to avoid degradation effects and to 
ensure uniform ablation onto the surface of the host surfaces. 
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The host panicles to be coated in the process may be mechanically fluidized to ensure 
coating uniformity during deposition. By controlling the background gas and pressure during 
deposition, the coating thickness, nano particle size and adhesion can be varied. 

This coating method provides rapid thermal evaporation from the pulsed eximer laser to 
5 coat solid materials onto particles '(Fitz^ld, 1998) .^Through this method, the coating 
material is generally less than 1% by mass, and coating times are under one hour without the 
need for drying solvents. 

This variation of PLD uses high-energy pulses of ultraviolet light to deposit solid 
coating materials onto particles. Previously there has been a significant emphasis given to 
10 control of the particle characteristics (shape, size, surface chemistry, adsorption, etc.), but little 
attention has been on designing the desirable properties at the particulate surface, which can 
ultimately lead to enhanced properties of the product (Fitz-Gerald, 1 998). By depositing atomic 
to nanometric-sized organic or inorganic, multi-elemental particles either in discrete 
(discontinuous) or continuous form onto the surface of the core particles, materials and products 
15 w,th significantly enhanced properties can be obtained. This process, known as the nano- 
functionalization of the peculate surface, provides ultrafine coated drug particles that have 
substantially improved phamaceutical properties when compared to the drug particles 
comprised within liposomal, nanocapsule or microparticle formulations of the prior art. 

Through this coating method the coating material is generally less than I % by mass, and 
20 coating times are under one hour without the needlbr drying solvents. This method has a wide 
variety of pharmaceutical applications ranging from coatings to improve agglomeration and 
flowability, stability, cell uptake and interactions, as well as controlling the release rate of the 
drug (Talton, 1999). 

In an important embodiment, drug particles or drug delivery particles coated with 
25 biodegradable or bio-compatible polymer coatings with controlled thickness and controlled 
coating uniformity are produced using the Pulsed Laser Deposition (PLD) apparatus and ' 
methods as described herein. The drug particle coating thickness can be controlled down to 
^nanomet enhjckness es, and e ncapsulation can be partial or complete. 

Host^arUclTs, which may range in v^to^^fcm^zuA nanometers to several 
30 millimeters in diameter, are provided with a relatively unifonnlyjisp^discontinuo^ or 
_J^^J^g^c^ individual coating particles sized from"^rruVs^o a few 
nanometers. The coating particles are created by a PVD process, and preferably bv laser 
ablation, where a pulsed laser beam is aimed at a target composed of the coating material under 
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agg.ome.tion zone, During iaser ablation, ,he hos, particles may be agitated or fluidized such 
•ha, mere is continual relative movemem be.ween a„ me hos, panicles. The degree of coating is 
« by varying , h e iaser palters, energy density and number of P u,ses, gas pressure 
10 wtthm , he treatment chamber, and, he treatinen, time. 

In a preferred embodnnen,, .here is provided a memod of preparing coa,ed dmg parf^ 
and pharmaceutics „ jlh . rfm coaling as 
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TTte coating may a .s6 improve aerodynamic and flow characteristics, which can be 
stgnmcan. in determining the efficiency of drug delivery mechanisms. 

2.2 Apparatus for Coating Particulates 

Tne apparatus for providing min.y coated hos, partic.es comprises in general a vacuum 
chamber .ha, aflows dehvery of an energy source, such as a laser, ,o a .arge, materia, The 
energy absorbed by ,he target results in ablation of materia, - me abrated materia, being of a 
scale . me range of nanometers or sma„er - in a re.atively high density fl ra in a controls 
frecon. Panicles positioned wi,hi„ me area of me high-densi,y flu* wi„ be coated by me 
•VI material. By fluidizing uh e particles, genera„y uniform coating „i„ occur One 
embodnnen, for fluidizing panic.es comprises ro,a,i„„ of an off-axis weieh, adjacen. .o me 
part.Ce confer. Another embodiment for .he apparatus provides for continuous processing 
-to to batch processing by utilizing a feed hopper to deliver partides ,o a retention 
chamber, ,he re.en.ion chamber allowing movemem of ,„e panicles in control manner 
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through the coating area and into a removal conduit. It is preferable to provide heating means to 
heat the host particles during the coating steps. 

In a preferred embodiment, the PVD technique known as laser ablation is employed in 
the fabrication of the coated particles. Laser ablation of a target material to produce free 
particles of the target material that adhere to a substrate is a well-known technique. Laser 
ablation is preferred since under optimized conditions the removal of species from the target 
takes place in a stoichiometric manner. When desirable, other PVD techniques, such as thermal 
evaporation or sputtering, may also be utilized to produce a flux of ablated species for 
deposition onto a host surface. 

A typical laser used in the practice of the present method is a Lambda Physik model 
305i pulsed excimer gas laser with an operating wavelength of 248 nanometers. Many other 
suitable lasers may be substituted therefor. The laser beam will produce a particle flux 
generally perpendicular to the surface of the target. 

The laser wavelength is selected based on the nature of the material to be ablated. A 
high absorption coefficient and low reflectivity is necessary to remove the material efficiently 
by the ablation process. The absorption coefficient is dependent on the type of material and the 
laser wavelength and in some cases the intensity of the laser beam. Typically as the surface 
temperature is increased, the absorption coefficient of the material increases. Thus the selection 
of laser wavelenght is dependent on the type of materials ablated. 

Additionally it is well known for those skilled in the art that the wavelegnths in the blue 
and ultravoilet region of the spectrum, the absorption coefficient increases and the reflectivity 
decreases. Thus although any wavelength could be used, the use of wavelengths less than 350 
nm lead to more efficient removal of the material. 

Since the laser system and the PLD chamber are separate, the process offers great 
latitude for varying experimental parameters. With the proper laser choice this process can be 
used to create coatings of many different materials on particulates. The composition of the 
coatings is strongly dependent on the laser processing parameters such as incident energy 
fluence (J/cnr), laser repetition frequency, backfill gas pressure, target to substrate distance, and 
optical absorption coefficient of the target. 

In most cases the chamber will be separate from the laser. However if one uses compact 
lasers like a solid-state laser operating from 248 to 1056 nm, the laser can be fitted inside the 
chamber. The specific conditions required for the deposition of coatings include (i) control of 
the laser fluence: (ii) control of the laser spot size; (iii) control of the gas; (iv) control over the 



pulsat.cn rate; and (v) number of pulses and wavelength of ,he light. By controlling each of 
these parameters, which are different for different materials, the microstructure, topology 
arch.tecture, thickness and adhesion of the coatings on the drug particles can be varied. 

5 2.3 Coated Druc Particle Compositions 

The coating techniques described herein and the pharmaceutical compositions derived 
therefrom are applicable to a wide variety of drugs delivered to the lungs, such as anti-asthmatic 
drugs, biologically active peptides and proteins, and gene therapy related drug entities, as well 
as orally administered and parenteral administered drug particles as well. 
10 In one embodiment, an oral drug is formulated with a thin-film coating of the present 

invention. Exemplary pharmaceuticals that would benefit from such a coating include drugs 
used in controlled or targeted release formulation, taste-masking, or particulate surface 
modification prior to tableting or capsule filling, 

In another embodiment, a pulmonary drug is formulated with a thin-film coating of the 
present invention. Exemplary pulmonary drugs that could be used include glucocorticoids and 
other localized asthma drugs, as well as drugs and bioactive peptides and proteins for systemic 
dehvery, such as insulin, that have low absorption through the oral route. In preferred 
q embodiments, the glucocorticoids budesonide and tramcinolone acetonide (TA), as well as the 

I antibiotic rifampicin have been shown to be particularly amenable to the processes of the 

H 20 present invention. When coated, these three drugs demonstrated excellent characteristics for 
improved inhalation delivery. The present methods provided a high encapsulation efficiency, 
reduced damage to the drug particle during coating, and did not produce coatings of a thickness 
that would reduce respiratory fraction. 

Topical drugs that could be used include localized antibiotics, antifungals, and anti- 
25 tnilammatories. Parenteral drugs that could be used include many currently used suspensions 
and preparations for sustained or localized release. 

In illustrative embodiments, the coating material may be deposited onto the surface of 
the drug particle by a pulsed laser ablation process wherein the individual coating particles 
deposited onto the drug particles range in size from about l or 2 run in average diameter up to 
30 and including about 40 or 50 nm or so in diameter. More preferably the particles that comprise 
the coating may be range in size from about 3 or 4 nm in diameter up to and including about 20 
to 30 nm or so in diameter. In other embodiments the particles that comprise the coating mav 
be range in size from about 5 or 6 nm or so in diameter up to and including about 10 to 15 nm 
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or so in diameter. Indeed the inventors contemplate that particle sizes such as about 1, about 2, 
about 3, about 4. about 5, about 6. about 7, about 8 r about 9. about 10, about II, about 12, about 
13. about 14, about 15. or about 16 nm in diameter may readily be prepared using the present 
methods, and may be used to coat drug particles in layers ranging from about 5 to about 1000 
nm or so in thickness. Such layers may not be necessarily continuous in thickness over the 
entire surface of the drug particles, but may provide an average coating thickness that falls 
within such ranges. Likewise, the inventors contemplate that particle sizes such as about 17, 
about 18, about 19, about 20, about 21, about 22, about 23, about 24, about 25, about 26, about 
27, about 28, about 29, about 30, about 31, or about 32 nm in diameter may also be prepared 
using the present methods, and such coating particles may also be used to coat drug particles in 
layers ranging from about 5 to about 1000 nm or so in thickness. Such layers may not be 
necessarily continuous in thickness over the entire surface of the drug particles, but may provide 
an average coating thickness that falls within such ranges. In similar fashion, by modifying the 
particular parameters of the coating process, it may be desirable to provide coatings that are 
comprised of particles of slightly larger average diameter particle sizes. As such, the inventors 
also contemplate that particle sizes such as about 33, about 34, about 35, about 36, about 37, 
about 38, about 39, about 40, about 41, about 42, about 43, about 44, about 45, about 46, about 
47, about 48, about 49, about 50, about 51 or even about 52 or so nm in diameter may also be 
useful in coating particular drug particles for use in the pharmaceutical arts. As described 
above, such layers do not necessarily have to be continuous in thickness over the entire surface 
of the drug particles, and in fact, in certain embodiments, it may be more desirable to provide 
substantially discontinuous deposition of the coating particles onto the surfaces of the drug 
particles to achieve coated drug particles that have particular pharmaceutical ly-desirable 
properties. In some cases, it may even be highly desirable to provide coatings that are almost 
entirely discontinous in thickness over the surfaces of the drug paricles. Likewise, in certain 
applications, it may also be desirable to coat the drug particles with mixtures of two or more 
coating materials. Such coating mixtures may be prepared so that each member of the plurality 
of coating materials may be simultaneously ablated and applied to the surfaces of the drug 
particles, or more conveniently, it may be desirable to alternate or sequentially apply two or 
more coating materials onto the surface of the drug particles to be coated. The ability of the 
method to prepare pluralities of layers of coating materials is particularly desirable when time- 
control- or sustained-release formulations are being prepared. Such combinations of coatino 
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materials may afford particular pharmaceutical* desirable properties ,o ,he results coaKd 

drug particles. 

"The choice of host particle size, the choice of coating material(s), ,he size of the coating 
matertal particles, ^eove^allj^^ of ^ . 

S JayerM-will, of course vary from particular appli£alion to app|jca(jon ^ ^ ^ ^ 
w,.l be able to adjust such parameters to prepare coated dntg particles having particular desired 
Phystcal or pharmaceutical properties. The choice of these parameters will often ^ 
the parttcular compound ,o be coated, and/or the particular coating to be applied ,„ , he host 
pan.de. Likewise, the prepamion of the host particle may be varied depending upon the 
'0 particular thickness of coating to be applied during the .aser ablation process. ,„ so me 
crcumstances, i, may be necessary to dessicate, grind, pulverize, or otherwise reduce the 
pan.cular host panicles to a ceriain uniform panicle size or consistency prior to. or following 
the deposition of the coating material^) onto the surfaces of the host drug panidcs. ,„ eilher 
embodiment, the milling of the coated or uncoated drug panicles may be readily achieved using 
meutods well know, to those of ski,, in the pharmaceutical arts. For example, mechanical 
sheanng or milling may be ^ 1o ^ , o a ^ ^ ^ 

Ltkewse, methcOs such as sieving may be employed to improve the uniformity of parlicle 

particle sizes in a given sample. 

When desirable, no milling or sizing may be required, and in fact, the drugs to be coated 
-0 may be subjected to the laser ablation processes described herein in their natural or 
commercially- available state. Moreover, in some situations, it may not even be necessary to 
assure a particular coating particle size or a coating thickness, or even to prepare substantially 
contmuous layers of coating material onto the surface of the drug particle, so long as the 
resulnng coated material retains all or most of its desired characteristics. 
5 As described above, the layers) of coating material(s) to be deposited onto the surface 

of the drug particle may range in average thickness from about 5 run to about 1000 or so 
nanometers. In certain embodiments, the coating particles wil, form one or more lavers onto the 
surface of the drug particles, each layer having a thickness of about 6. about 7, about 8 about 9 
about 10, about 11, about 12, about 13, about 14, about 15. about 16. about ,7. about 18 about 
19, about 20, about 21, about 22. about 23, about 24, about 25. about 26, about 27, about 28 
about 29, or about 30 or so nm. In other embodiments, slightly thicker coating lavers will be' 
des,red and in those instances, layers having an average thickness of about 31. about 3? about 
~. about 34, about 35. about 36. about 37. about 38. about 39. about 40. about 41 about 42 
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about 43, about 44. about 45. about 46. about 47. about 48. about 49, about 50. about 51. about 
52, about 53. about 54. about 55. about 56. about 57. about 58. about 59, or about 60 or so nm 
may be useful in coating particular drug particles for use in the pharmaceutical arts. Likewise 
when slightly thicker coating layers are required. layers having an average thickness of about 
65, about 70, about 75, about 80, about 85, about 90, about 95. about 100, about 120, about 140 
about 1 60, about 1 80, about 200, about 225, about 250, about 275, about 300. about 400, about 
450, about 500, about 550. about 600, about 650, about 700. about 750, about 800, about 850, 
about 900, about 950, about 1000, or even about 1025 or 1050 or so nm may be useful in 
coating particular drug panicles for use in achieving coated drug particles having certain 
pharmaceutically desirable properties. 

As described herein, the sizes of the host drug particles to be coated may range in 
average diameter from about 0.1 nm to about 500 or so nanometers. In certain embodiments, 
the host drug particles will typically have an average size of about 0.2, about 0.3, about 0.4, 
about 0.5, about 0.6, about 0.7, about 0.8, about 0.9, about 1, about 2, about 3, about 4, about 5, 
about 6, about 7, about 8, about 9, about 10, about 1 1, about 12, about 13, about 14, about 15, 
about 16, about 17, about 18, about 19, or about 20 or so nm in average particle diameter. For 
some drugs, the average particle diameter size may be slightly larger. As such, the method may 
also be employed to coat these particles as well. In these instances, Uie drug particles may have 
an average particle size of about 21, about 22, about 23, about 24, about 25, about 26, about 27, 
about 28, about 29, about 30, about 40, about 50, about 60, about 70, about 80, about 90, about 
100, about 120, about 140, about 160, about 180, about 200, about 220, about 240, about 260, 
about 280, about 300, about 350, about 400, about 450, or even about 500 or so nm in diameter. 
In all cases, the inventors contemplate that all intermediate sizes in each of the stated size ranges 
may be prepared using the disclosed methods, and consider such intermediate sizes to fall 
within the scope of the present invention. 

The coated drug particles of the present invention may range in size from about 0.1 urn 
average diameter, up to and including those coated particles that are about 1000 nm or so in 
average particle size diameter. As described herein, the sizes of the coated drug particles may 
range in average diameter sizes of from about 0.2 urn to about 800 or so urn. In certain 
embodiments, the final coated drug particles obtained following pulsed laser ablation of the 
coating material onto its surfaces will typically have an average particle diameter size of about 

0. 1. about 0.2. about 0.3, about 0.4, about 0.5, about 0.6, about 0.7. about 0.8, about 0.9. about 

1. about 2. about 3, about 4. about 5, about 6, about 7, about 8. about 9, about 10, about 11, 
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abou, ,2. abou, ,3,abou, M. abou, ,5. abou, , 6 . abou , „ ^ „ ^ .j,^ 

Mm. For some drugs, me average coated drug particle diame,er size my be sligh,ly ,ar g er and 
may have an average size of abou, 21 . atom ^ abow 2J> abou , , 4 ^ % ^ ^ 
27. abou, 28, abou, 29. abou, 30, abou, 40, a*u, 50. abou, 60. abou, 70. abou, 80. about 90 
> about ,00, abou. ,20. abou, ,40, abou, ,60. abou, 180. abou, 200, abou, 220, abou, 240 abou,' 
260, abou, 280, about 300, about 350, abou, 400, abou, 450, abou, 500, abou, 550, abou. 600 
abou, 650, abou, 700, abou, 750, abou, 800, abou, 850, abou, 900, abou, 950, abou, ,000 or 
even abou, ,050 or so Mm in average diameter, to a,, cases, the inventors coh,emp,a,e thau,, 
mtermediate sizes in each of the stated size ranges may be prepared using the disCosed 
methods, „i consider such intermedia-e sizes to fal, within the scope of ,he present invention. 

2.4 Pharmaceutical Formulations Comprising Coated Drug Particles 

The present invemion also concerns formulate of „„e „ r more of ue coated 
parade composi.ions disclosed he™ in p_,,ica„y accept so,u,i„„s f„ r 
adrntnistradon .„ a ce„ or an animal, either a,one, or in combination with one or more other 
drugs for the treatment of particular diseases or medical conditions. 

The coated drug particle composites disCosed herein may be adrninisKred in 
combmate with „ mer age„«s as we.,, such as, c*. proteins or polypeptides or various 
pharmaceuticallyacUveagen^. As ,ong as the composi.ion comprises atleas, one of the coated 
drug pri* composites disclosed herein, mere is virrually no limi, to other component, ,ha, 
may a,so be included, given ma, ,he addi,i„„a, agents do no, cause a signif.can, adverse effec, 
upon contac, wi,h me urge, ce„s or host tissue, The disclosed compositions may thus be 
dehvered a,ong wi,h various o,her agena as required in the particular instance. Such secondary 
compositions included in the pharmaceutical formulations may be purified from host ce„s or 
• other b.oiogicl sources. Or alternatively may be chemically synthesized as described herein 
The formations may comprise substituted or derivatized RNA. DNA, or PNA compositions 
ftey may also be modified peptide or nucleic acid substi.uen, derivatives, or o,her coa,ed or 
non-coated drugs. 

The formulation of pharmaceu,ica.ly.acceptab,e excipiems ar,d carrier solutions are 
wC-known ,„ ,hose of ski,, in ,he art. as is the deve.opmen, of suable dosing and .reamten, 
regm,™ for using me particular compositions described herein in a varie.y of ti-eaunen, 
reg,men, including c*. „,a,, parentera,. intravenous, imranasal. ^ imran , uscular 

administration and formulation. 
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2.4.1 Oral Delivery 

The pharmaceutical compositions disclosed herein may be delivered via oral 
administration to an animal, and as such, these compositions may be formulated with an inert 
> diluent or with an assimilable edible carrier, or they may be enclosed in hard- or soft-shell 
gelatin capsule, or they may be compressed into tablets, or they may be incorporated directlv 
with the food of the diet. 

The coated drug particle-containing compounds may even be incorporated with 
extents and used in the form of ingestible tablets, buccal tables, troches, capsules elixirs 
10 suspenses, syrups, wafers, and the like (Mathiowitz et „/., 1997; Hwang et al I 998 - ij S ' 
Patent 5,641,515; U. S. Patent 5,580,579 and U. S. Patent 5,792,451, each specifically 
mcorporated herein by reference in its entirety). The tablets, troches, pills, capsules and the like 
may also contain the following: a binder, as gum tragacanth, acacia, cornstarch, or gelatin- 
extents, such as dicalcium phosphate; a disintegrating agent, such as corn starch potato' 
15 starch, alginic acid and the like; a lubricant, such as magnesium stearate; and a sweetening 
agent, such as sucrose, lactose or saccharin may be added or a flavoring agent, such as 
peppermint, oil of wintergreen, or cherry flavoring. When the dosage unit form is a capsule it 
may contain, in addition to materials of the above type, a liquid carrier. Various other materials 
may be present as coatings or to otherwise modify the physical form of the dosage unit For 
20 msta.ce, tablets, pi„s, or capsules may be coated with shellac, sugar or both. A svrup or elixir 
may contain the active compounds sucrose as a sweetening agent methyl and propylparabens as 
preservatives, a dye and flavoring, such as cherry or orange flavor. Of course, any material used 
» Prepanng any dosage unit form should be pharmaceutically pure and substantially non-toxic 
>n the amounts employed. ,„ addition, the active compounds may be incorporated into 
25 sustained-release preparation and formulations. 

Typically, these formulations may contain at least about 0.1% of the active compound or 
more, although the percentage of the active ingredient(s) may, of course, be varied and may 
conveniently be between about I or 2% and about 60% or 7 0 o/ 0 or more of the weight or volume 
of the total formulation. Naturally, the amount of active compound(s) in each therapeutically 
useful composition may be prepared is such a way that a suitable dosage will be obtained in any 
g.ven una dose of the compound. Factors such as solubility, bioavailability, bioloeical half-life 
route of administration, product shelf life, as well as other pharmacological considerations will 
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b= combed by one skilled in , h e art of preparin? suc „ phamiaceu , ica| ^ 
such, a variety of dosages and .reamem regimens may be desirable. 

For oral admi„is,ra,ion .he compositions of ,be present invention may aitematively be 
.ncorporated wi,h one or more excipients in the, form of a mouthwash, ^ bucca , 
era, spray, or sublingua, formulation. For examp.e, a mouthwash may be prepared' 
■ncorporating me active ingredient in ,he required amount in an appropriate solvent such as a 
sodtum borate solution (Dobelfs Solution). Alternatively, the active ingredien', may be 
incorporated into an oral solution such as .hose containing sodium borate, glycerin ^ 
po^siun, bicarbonate, or dispersed in a dentifrice, induding: ge,s, pastes, powders and slurries 
or added ,„ a therapeuticaHy effective amount to a paste dentifrice ta ma y inCude water' 
bmdets, abrasives, flavoring agents, foaming agents, and humectants, or aLernauvely fashioned 
mo a table, or soiution form ,ha, may be placed under the tongue or otherwise dissolved in the 
mouth. 

15 2.4.2 Injectable Delivery 

Alternatively, the pharmaceutical compositions disclosed herein may be administered 
poemerally, intravenously, intramuscularly, „, even inuaperitoneally as described in u S 
P*=n. 5,543, 58, U. S. Paten, 5,64,,515 and U. S. Paten, 5,399,363 (eac h specifically 
.ncorporated herein by reference in its entire,,). Solutions of ,he active compounds as free-base 
or pharmacological acceptable salts may be prepared in water suitab.y mixed wilh . 
surface such as hvdroxypropylceUulose. Dispersions may also be prepared in giycerol 
l-qutd polyethylene glycols, and mixtures thercof and in oi.s. Under ordinary conditions of 
stcage and use, these preparer* contain a preservative to prevent the growth of 
microorganisms. 

2S The pharmaceutical forms suilable for injeaable use include s,erile aqueous solutions or 

tans and s,erile powders for ,he ex,em„s preparation of sterile injectable 
soluttons or dispersions (U. S. Paten, 5,466,468, specifically incorporated herein by reference in 
enttrety). ,„ a,, cases dte form mus, be s,erile and must be fluid ,o the ex,=„, Uta, easy 
synngability exists. I, must be suable under the conditions of manufacture and s,orage and mus, 
be preserved against the contaminating action of microorganisms, such as bacteria and fcngi 
C Camer "V SOlVem 0r dis ^°» «*- containing, for example, wa.er, etha™. 
Polyol (, g ., glycerol, propylene glycol, and liquid polyethylene glyco.. and the like), suitable 
nuxtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for example by the 
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use of a coating, such as lecithin, by ,he maimer of the re ,u,red panicle size in the case of 
dtsperston and by the use of surface. The prevention of ,he acion of microorganism can be 
brought about by various antibacteria, ad an.ift„gal agents, for example, P a rabe „s 
chlorobutanol. pheno,. sorb.c acid. Unmerosal. and ,h= like. In marry cases, h wil. be preferable' 
5 <o mclude tsotonic agems. for example, sugars or sodium chloride. Prolonged absorption of the 
•njectable compositions can be brought about by ,he use in the compositions of agents delaying 
absorpiion, for example, aluminum monostearate and gelatin. 

For parenteral administration in an aqueous solution, for example, the solution should be 
suttably buffered if necessary and the liquid diluent first rendered isotonic with sufficient saHne 
.0 or glucose. These particular aqueous solutions a* especially suitable for intravenous 
macular, subcutaneous and intraperitoneal administration. In this connection sterile' 
aqueous media that can be employed wil! be known ,o those of sfcill in , he an in light of the 
present disclosure. For example, one dosage may be dissolved in 1 ml of isotonic NaCl solution 
and either added to ,000 ml of hypodermoclysis fluid or injected at the proposed site of 
.nfrston, (see for example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 1035- 
.038 and ,570-1580). Some variation in dosage will necessarily occur depending on the 
condtuon of the subject being treated. The person responsible for administration will in any 
event, determ.ne the appropriate dose for the individual subject. Moreover, for human 
admmtsBaUon, preparations should meet sterility, pyrogenicity, and genera, safety and purity 
) standards as required by FDA Office of Biologies standards. 

Sterile injeoable solutions are prepared by incorporating the active compounds in the 
requtred amount i„ lhe approprjale so , vent ^ ^ ^ fc ^ .^.^ ^ 

above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
■ncorporating the various sterilized active ingredients into a sterile vehicle which contains the 
baste dtspersion medium ami the required other ingredients from those enumerated above In 
*e case of sterile powderc for the preparation of sterile injectable solutions, the preferred 
methods of preparation are vacuum-drying and freeze-drying techniques which yield a powder 
of the acve ingredient plus any additional desired ingredient from a previously sterile-ftltered 
solution thereof. 

The drug compositions to be coated by the methods disclosed herein may be formulated 
etlher m their native form, or in a sal, form. Pharmaceutically-acceptable salts, include the acid 
addttton salts (formed w ith the free amino groups of the protein) and which are formed with 
."organic acids such as. for example, hydrochloric o, phosphoric acids, or such ontanic acids as 
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acenc. oxalic, tartaric, mandelic. and the like. Salts formed with the free carboxvi o roups ca „ 
also be derived from inorganic bases such as, for example, sodium, potassium, anunonium 
calcrum, or ferric hydroxides, and such organic bases as iso P ro P y,amine. trimethylamine' 
hist.dme, procaine and the like. Upon formulation, solutions will be administered in a manner 
compatible with the dosage formulation and in such amount as is therapeutically effective The 
formulations are easily administered in a variety of dosage forms such as injectable sections 
drug release capsules and the like. 

As used herein, "carrier" includes any and all solvents, dispersion media vehicles 
coatmgs, diluents, antibacterial and antifungal agents, isotonic and absorption delaying agents' 
buffers, carrier solutions, suspensions, colloids, and the like. The use of such media and agents 
for pharmaceutical active substances is well known in the art. Except insofar as any 
conventual media or agent is incompatible with the active ingredient, its use in the therapeutic 
composes is contemplated. Supplementary active ingredients can also be incorporated into 
the compositions. 

Hie phrase "pharmaceutically-acceptable" refers to molecular entities and compositions 
that do not produce an allergic or similar untoward reaction when administered to a human The 
preparation of an aqueous composition that contains a protein as an active ingredient is well 
understood in the art. Typically, such compositions are prepared as injectables, either as liquid 
solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid prior to 
mjectmn can also be prepared. The preparation can also be emulsified. 



2.43 Nasal Delivery 

The administration of the pharmaceutical compositions by intranasal sprays, inhalation 
and/or other aerosol delivery vehicles is also contemplated. Methods for delivering genes 
25 nucleic acids, and peptide compositions directly to the lungs via nasal aerosol sprays has been 
desenbed e.g., in U. S. Patent 5,756,353 and U. S. Patent 5,804,2,2 (each specifically 
incorporated herein by reference in its entirety), and delivery of drugs using intranasal 
m,croparticle resins (Takenaga et aL, 1998) and lysophosphatidyl-glycerol compounds (U. S. 
Patent ^725,871. specifically incorporated herein by reference in its entiretv) are also well- 
'0 know* in the pharmaceutical arts. Likewise, transmural drug delivery in the form of a 
polytetrafiuoroetheylene support matrix is described in U. S. Patent 5,780,045 (specificallv 
incorporated herein by reference in its entirety). 
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2.4.4 Additional Modes of Druc Delivery 

In addition to the methods of delivery described above, the following techniques are also 
contemplated as alternative methods of delivering coated drug particle compositions. Sonophoresis 
5 (i.e., ultrasound) has been used and described in U. S. Patent 5.656,01 6 (specifically incorporated 
herein by reference in its entirety) as a device for enhancing the rate and efficacy of drug 
permeation into and through the circulatory system. Other drug delivery alternatives contemplated 
are intraosseous injection (U. S. Patent 5,779,708), microchip devices (U. S. Patent 5,797,898), 
ophthalmic formulations (Bourlais et al., 1 998), transdermal matrices (U. S. Patent 5,770,2 1 9 and U. 
1 0 S. Patent 5,783,208) and feedback-controlled delivery (U. S. Patent 5,697,899), each specifically 
incorporated herein by reference in its entirety. 

The delivery of aerosol formulations of the drugs of the present invention may be 
accomplished using methods such as those described in United States Patent 5,849,265 and 
United States Patent: 5,922,306 (each specifically incorporated herein by reference in its 
15 entirety). 

Particularly preferred medicaments for administration using aerosol formulations in 
accordance with the invention include anti-allergies, bronchodilators, and anti-inflammatory 
steroids used in the treatment of respiratory disorders such as asthma and the like. 

Medicaments which may be coated and administered in aerosol formulations according 
to the present invention include any drug useful in inhalation therapy which may be presented in 
a form which is substantially completely insoluble in the selected propellant. Appropriate 
medicaments may thus be selected from, for example, analgesics (codeine, dihydromorphine, 
ergotamine, fentanyl, morphine and the like); anginal preparations; antiallergics (cromoglycate, 
ketotifen, nedocromil and the like); anti -infectives (cephalosporins, penicillins, rifampin, 
streptomycin, sulfonamides, macrolides. pentamidines, tetracyclines and the like); 
antihistamines (methapyrilene and the like); anti-inflammatories (flunisolide, budesonide, 
tipredane, triamcinolone acetonide, and the like); antitussives (noscapine and the like); 
bronchodilators (ephedrine, adrenaline, fenoterol, fomioterol, isoprenaline, metaproterenol, 
phenylephrine, phenylpropanolamine, pirbuterol, reproterol. rimiterol, terbutaline, isoetharine, 
tulobuteroi, orciprenaline, and the like); diuretics (amilbride and the like); anticholinergics 
(ipratropium, atropine, oxitropium and the like); hormones (cortisone, hydrocortisone, 
prednisolone and the like); xanthines (including aminophylline. choline theophylline, lysine 
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poiycaprolactones. etc. Suitable biocompatible polymers include polyethv>ene e |yco.s 
polyvmylpyrrolidone. and polyvinylalcohols, etc. Suitable polysaccharides include de^xtrar* 
cellulose, xantham. chitins and chitosans. etc. Suitable proteins include polyenes md ^ 
polyamines, collagen, albumin, etc. 

5 

2.6 Substrates for PLD Coating 

The host or core particles are generally large relative to the size of the coating particles 
with the method proven to be very applicable to host particles sized from 0.5 to 100 microns It 
>s understood that the host particles can be smaller, down ,o several nanometers in diameter 
10 larger, up to several millimeters in diameter, than this range if so desired. The host particles! 
retamed within a processing container that has a large enough volume to permit movement of 
the parses within the container. The top of the container is open and the container maintained 
u» a vert.cal position during fluidization, or a portion of the processing container, such as a part 
or all of a side or bottom, is provided with openings or apertures to retain the host particles 
15 wzthm the processing container, if the particle deposition is to occur laterally or from below. 

A suitable construction for the processing container has been found to be a cylindrical 
glass vial with one open end. the open end being covered, if necessary, by a wire mesh or screen 
wnh apertures slightly smaller than the size of the host particles. The processing container is 
mounted within the treatment chamber with the open end facing the target at a distance of from 
20 approximately 3 to 10 centimeters such that the majority of particles in the perpendicular flux 
from the target will enter the processing container and contact the host particles. The system 
may also be constructed with continuous or incremental transport means for the host particles 
such as a conveyor system, whereby the host particles can be moved relative to the ablation flux 
dunng the coating process so that coating may occur in a continuous manner. 
5 The host particles must be agitated or fluidized in some manner to expose the entire 

surface of each host particle to the coating particles entering the processing container to insure 
general umformity of coating and to assist in the prevention of agglomeration of individual host 
pamcles. This fluidization may be accomplished in a number of equivalent manners, such as by 
mechanical agitation by vibration, rotation or movement of the processing container by 
) proving a stirring device within the container, or by pneumatic agitation by passing gas flow 
through the host particles. Another means to accomplish the required fluidization is to intermix 
magnet, particles, such as iron, with the host particles and then to apply an altematine 
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magnetic fleW ,„ the process.ng contatner during the deposition of .he coanng panides ^ 
magnenc panicles are separated from the hos, panicles after the treatment process 

The percent of deposition or coverage of the coating panicles on the host panicles is 
contrded by controlling th e si. of .he coating panicles «d the treatment ,i m e. The ,o„ g e, the 
.reatmen, ,,me, .he more coating panicles will be adhered ,„ the surface of .he hos, paniCes 
-easing bo.h the percentage of coverage and ,he Unless of *, coatin* , ay er Surface' 
coverage can be adjusted from be,ow , o^en, up to ,00 percent. The size „f ,„ e coaljng 
parttcles ,s controlled by the atmospheric composition and pania, pressure within the treamj 
chamber. B y d^ically conlr0 „ ing , he gas „ ^ ^ ^ ^ ^ 

pan-des car, be controlled. Reactive gases such as oxygen, ammonia or nitrous oxide prod, 
■gher concentrations of molecular, as opposed to atomic, species within , he ablated panicle 
flux and „ used if deposition of oxide, nitride or similar paniCes is desired. Pressure wito 
•he chamber de,ermines .he number of coilisions between ablated coating panicles, with higher 
pressure causing more collisions and therefore larger coating paniCes in Ute ab.a,ed flux 
Pressure wtthin the system may vary grea.lv, from 10* .„ ,0 Torr for example, bu. production 
of I to 10 nanometer or smaller coanng partides typically occurs a. approximately 400 mTorr 
or htghe, For the production of a.omic sized coating panicles, the pressure emp.oyed is 
typically at or below approximately 300 mTorr. 

The paniculate species coated using .his method include many substrates, including 
rugs used for oral, puhnonary, .opical, and parenteral administration. The subs.ra.es suUable 
for coating may be dntg panicles of various sizes ranging from < , urn to > , mm. 

3.0 Brief Description of the Drawings 

The drawings form pan „f te pKxnt specification and are included ,o further 
-5 demons,.* certain aspects of the present invention. The invention may be befer unders,ood 
by reference ,o one or more of ,hese drawings in combination with the detaiied description of 
specific embodiments presented herein. 
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FIG. 1A is a general illustration of the apparatus components. 

FIG. IB is a schematic representation of the PLD processing equipment used in coatine the 
drug particles. 

FIG. 2 is an illustration showing the adjustability of the target. 
FIG. 3 is an illustration of a batch-processing set-up. 
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FIG. 4 is an illustration of a continuous processing set-up. 

FIG. 5A and FIG. 5B show alternate heat sources for heating the host particles. 

FIG. 6 shows the dissolution of coated vs. uncoated budesonide (BUD) in pH 7.4 PBS (50 mM 

0.5 %SDS) at 37 C (n=3). Coating times were 10 min ■ and 25 min . vs. uncoated 

budesonide powder A. 

FIG. 7 shows the dissolution of coated vs. uncoated TA in pH 7.4 PBS (50 mM, 0.5 %SDS) at 
37 C (n=3). Coatings were at 2 hertz A and 5 hertz • vs. uncoated TA powder ■ 

FIG. 8 shows the dissolution of coated vs. uncoated Rifampin (RIF) in pH 7.4 PBS (50 mM, 
0.5%SDS)at37C(n=3). Coating was for 20 min vs. uncoated RIF powder 



4.0 Description of Illustrative Embodiments 

4.1 Some Advantages of the Invention 

Modification of (1 ) the aggregation characteristics; (2) the aerodynamic flow properties 
during deposition; and, (3) the release-rate of the drug in the lungs are possible by appiying 
5 biodegradable coatings using the methods of the present invention to greatly enhance the 
deposition efficiency and pharmacokinetic profiles of drugs coated by the present methods. 

Drugs coated by the processes outlined herein have been shown to possess high 
encapsulation efficiencies (>99% drug) while requiring minimal processing. The process also 
has several advantages over current techniques including: 

I- It is a fast process with modification times (/.*. how long it takes to coat a powder 
from "beginning to end) on the order of minutes. 

In the laser process, by choosing a correct energy density, the material can be made to 
ablate in a more cluster-like form that retains some of the signature of the target species. When 
the energy density (fluence) is increased, the ablation has more of an atomic character, and is 
composed of atoms that do not resemble the signature of the original material. 

2. A variety of materials can be used for producing the coatings on the particulate 
materials, thus it is possible to produce films from materials with proven biocompatibility. 

3. It is a dry, solvent-less technique that can be conducted under a sterile environment, 
which is an important consideration in the drug industry. 

4. Particle agglomeration/adhesion can be minimized by applying coatings that affect 
the bonding nature and electrostatic charge on the surface. 

5. Formation of microcapsules by depositing coatings onto the particle surface will 
make it possible to control drug release kinetics by: (a) diffusion of the drug through the 



polymer; (b) degradation of the biodegradable polymer coating off of the drug panicles 
releasing ihc core drug material. 

4-2 Particle Coating Apparatus 
5 Theapparatus disclosed herein offers significant improvements over the devices of the 

pnor an by providing fluidization and coating of prima™ core particulate materia* with target 
materials of choice. Target materials may include polymers, medica! ma,eri a ls metals 
ceram.cs, semiconductors and tissue. The apparatus operates in low vacuum (mTorr Torr' 
ra^ge) and operates in principie via delivery from » energy source (e.ectro„ beam laser UV 
hgh, source or ion beam) to a Urge, materia, ma, can exist in ,he liquid, solid or frozen «a,e 
The urge, materia. then in.eracs wi,h , hc energy source, adsorption of energy occurs and 
subsequent evaporation, ablation, remova! of portion of the urge, surface then take place Tne 
geometry of .his exchange is controlled such ma, me removed target ma,e„a, is , he „ direced 
o„.o an area of coating po.en.ial (AOCP). Within this AOCP, a high-densi,y flux (HDF, of the 
urge, materia, is present. FI0 . 1A ^ pjq 1B ^ mc mai „ rf ^ ' 

whtch are labeled. By controlling the i„ p „, energy from me above suted sources atrf the' 
aUnosphere within which the process occurs, control over the HDF can be achieved b, mea^ of 
part.de - coUision physics (PCP). Before the three specific operation modes referred to above 
are presented, a sample operation of me apparatus will be presented with respect ,„ FIG. I A and 

5 FIG. IB. 

Hea,ing and or cooiing of ,he core paniculate materials v,„ UV lamps, resistance 
heaters, RF sources, electric wire mesh membtanes, liquid nitrogen and cold fingers provides 
Mgrnfican, advancement over the powder properties as compared ,„ partcle coated in unheated 
or room temperature conditions. Heating and cooling „f th e core panicles during deposiuon 
prides added co„,r„. over the surface energy mechanisms of coating gmwth and adhesion a. 
hgher and or lower rates by such mechanisms as defusion, desorption, adsorption, growm 
modes, acvation ener«y and local thermodynamic equilibrium. In addi.ion, significant classes 
of cerarmc. electronic and super-aHoys and multi-component materials such as superconductors 
and phosphor mart* caa te svnmesized in . ^ ^ elimi „ ati „ g a ^ 

s,ep. The added energy provided by .he hea,ing allows diffusion of complex 
matenals dunng the process to reorient in both crystallographic and stoichiometric orders tha, 
canno, be accomplished during room temperature depositions. Organic materials such as 
polymers also have increased potential during ,,„„„ heaung of the core panicles due ,„ ,he 
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added energy for reorientauon and chain alignment to occur. Heating of the core panicles does 
not only decrease steps in the forming of coated particles but it also allows the synthesis of 
novel materials that can form due to this non-equilibrium condition imposed by the heating of 
the core particle substrate and the nano particle flux. 

The fact that the core particles are fluidized continuously through the AOCP enables the 
inventors to take advantage of the inherent high surface area of particulate materials. Due to the 
fact that the surface area varies from 1 cm 2 for a silicon wafer to I0M0* cnr for particulate 
materials allows for the control over coating thickness to range from atomic to micron thick 
depending on the processing conditions as described. In comparison to deposition onto flat 
substrates, a ten min deposition may yield a 2-micron thick coating on a 2 cm x 2cm silicon 
substrate whereas on 1 gm of particulate material (1-10 micron), the thickness has bee shown to 
be on the order of 25 nanometers. Further control of the nano particle coating is realized due to 
nano particle formation and growth during the coating process that can also be controlled via 
laser energy, pressure, backfill gas molecular weight and time. 

The laser enters a low vacuum unit that houses the target, optical windows and fixtures 
1. The laser or energy source then interacts with the target material as previously described 2. 
The subsequent adsorption of the laser or energy source results in the creation of the plume or 
high-density flux (HDF) 3. By fixturing the target (FIG. 2) with the appropriate geometry the 
direction of the HDF can be controlled. 

In a first operation embodiment, the batch process with heating capabilities is described. 
FIG. 1A, FIG. IB and FIG. 2 are as previously described, with the exception that a 
mechanically agitated particle state (MAPS) is located within the AOCP. FIG. 3 illustrates the 
MAPS design and concept. The MAPS design utilizes and off-axis conterweight to create a 
range of frequencies and displacements that are then transferred to the core panicle container 
(CPC) through an aluminum fixture as shown. By tuning the frequency of the system, proper 
agitation of the core panicles can be obtained and maintained during the operation of the 
apparatus. The counterweight is made from 304 series stainless steel and is attached to the shaft 
of a rotating motor by two setscrews as shown. The motor, with the weight affixed is fastened 
within the aluminum housing as shown by additional fasteners. The vibrations are transferred to 
the CPC through the aluminum housing. The housing is isolated from the rest of the apparatus 
by rubber damping material and coil springs as shown. The heating block is located within the 
CPTS and can operate between 300-800 K if desired. 



I» second operation embodiment. ,he continuous process „i,h heatin, capabilities is 
described. FIG 1A Fir, m an * uir -, w 

o. IA, FIG. IB. and FIG. 2 are as previously described, and a mechanically 

ag.tated part ,c.e s , age (MAPS) is iocated wi,hi„ ,he AOCP. as described i„ FIG 4 The MapI 
design „,i,i KS M ^ c „ ight „ ^ , ^ rf ^ 

« to transferred ,o ,he core panicle transfer sys,em (CPTS) through an alumina fixtoe ^ 
s own. By tuning ,he frcquency of , he ^ ^ ^ ^ ^ 

obtamed and maintained during the operarion of the appals, such tha, ,he time of exposure 
«*- the AOCP is controlled by _ of the „ from ^ ^ _ ^ ^ 'J 
chute. The bonom of Ute exposure hopper may be stated ,„ facihute s ingl e direction 
moment. The counterweigh, is made from 304 series stainless steel and is arched ,„ the 
shaft of a rotating motor by two se,scre„s as shown. The moto, with te „ eigh , ^ „ 
fastened within the aluminum housing as show, by additiona, faster, The vibrations are 
.-sferred ,„ the CPTS through the a,umi„um housing. The housing is isolated from the res, of 
the apparatus by rubber damping materia, and coi, springs as shown. Micro switches ,oca,ed a, 
areas (A, and (B) op era,e the delivery and remova, of me unprocessed/processed parUcula.es 

-i^;::: s w,H operaK inde — y ~* *■ cpts - - ~ — 

In a third operation embodiment. ei,ber the batch or continuous process described above 
may be uulized bu, with mu,»p,e M d/or a.,ema,e particular bearing and/or target sources as 
shown ,» FIG. 5A and FIG. 5 B. FIG. 5A Hlusuates ,he use of one or more UV-emining hea, 
sources for me CPC or CPTS. FIG. 5B iHustrates ,he use of a combined UV hea, source on top 
oi and a heating source within the CPC or CPTS. 

Glucocorticoids 

* Glucocorticoids are beneficial in treating various pulmonary diseases, including asthma 

sa^dosis, and other conditions associated with a.veoli.i, Ahhough systemic glucoconicoid 
Aetapy ts effective in such conditions, pronged administration carries ,he risk of toxicity and 
s* effects <Mu,sch,er and Derendorf, l995 , ,„ atKmpts aI ^ ^ ^ ^ 

severa, clinically efficacious glucocorticoids, inCuding TA, are emp,oyed for delivery as 

' aerosols. 

.n a recent study, i, was shown tha, lung specificity is achieved when glucocorticoid 
suspensions are administered intratracheal*. ,„ contrast, lung targeting is no , observed when a 
glucocorttcoid solution is administered intratracheal*, presumably because of the fast 
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absorpuon of ,„e Hpophilic s.eroid (Hochhaus e, al. ,995). This suggests that pulaoa3Iy 
«rge„ng depends on slow release from, he delivery form tha, results in a prolonged pulmonary 

residence time. 

The use of liposomes has been suggested to provide sustained pulmonary release for 
5 vanous drugs including g.ucocorticoids such as beclomethasone diprcprionate and 
dexamethasone (Tremblay el al., 1993; Fielding and Abra, 1992; Vidgren et al, 1995: Schreier 
e/ al, 1993). However, although liposomes have a high loading capacity for li pophiHc 
glucocorticoids such as TA under equilibrium conditions, TA is rapidly released under non 
equutbnum conditions from the liposome matrix upon dilution or administration (Schreier et 
0 al, 1994). 



4.4 Asthma Therapy 

With the recognition of asthma as a relapsing inflammatory process, inhaled 
glucocorticoids have become the first-line treatment in the therapy of chronic asthma (Barnes 
5 and Pedersen, 1993; Barnes, 1995; Brogden and McTavish, 1992). 

Inhaled glucocorticoids are not free from systemic side effects when markers such as 24- 
hour plasma Cortisol are monitored (Loennebo etal. , 1 996; Grahnen al. , 1994) The extent of 
potentially undesirable systemic side effects represents only, half of the problem, however 
because the assessment of lung selectivity requires the evaluation of both local pulmonary and' 
system, effects. Although there is no question that inhaled glucocorticoids are effective in the 
treatment of asthma, pulmonary "efficacy^ is difficult to quantify in human, New inhaled 
glucocorticoids, with different pharmacokinetic and pharmacodynamic properties and improved 
dehvery systems (such as dry powder inhalers) with improved pulmonary deposition, have been 
mtroduced on the market. Differences in their properties (including physico-chemical factors 
potennally affecting the pulmonary residence time) will affect pulmonary targeting by 
deterrmrung the pulmonary and systemic availability of the drug. To provide an applied 
framework to evaluate the importance of these factors on pulmonary selectivity, the inventors 
used a theoretical model that integrates physiologic aspects of pulmonary inhalation with 
Pharmacokinetic and pharmacodynamic drug properties for the prediction of pulmonary and 
system, effect, Receptor occupancy was selected as a surrogate marker because early work in 
cell systems found a close correlation between the extent of receptor occupancv and the extent 
of the hologica, response (Dahlberg et aL 1983: Beato et aL 1972: Diamant et al 197S- 
Baxter et aL 1973). ,„ addition, a direct relation between the receptor affinity of a 
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glucocorticoid and ,he ac,ivi,y a, ,he si.e ofacion ,h= skin blanching ac,ivi, y) has ^ 
demons.ra.ed (Hochhaus. , 983; Druzgafa e, a,., ,99,). Comrary ,o a number of drug classes 
pharmacologic desired and adverse effecs of glucocorticoids are induced by ,he same ,ecep,ors' 
Consequemly, pulmonary sdecivi.y has been defined by the decree in which U,e occupa^fes 
5 of pulmonary and systemic receptors differ. 

4.5 Comparison of Inhaled Glucocorticoids 

Currently available inhaled glucocorticoids are based on the 21 -carbon atom Cortisol 
structure with four rings, three six-carbon rings and a five-carbon ring. The synthetic anti- 
10 mfiammatory glucocorticoids are characterized by lipophilic moieties in the 16 and 17 position- 
er F or CI moieties in the 6 and 9 positions; and/or double bound carbons in the 1 2 position' 
Other essential features include a ketone oxygen at the 3 position, an unsaturated bond between 
the 4,5 carbons, a hydroxyl group at the 1 , position, and a ketone oxygen at the 20 position By 
mod.fymg the basic structure of glucocorticoids, i, is possible to alter the affinity for the 
5 glucocorticoid receptor (GR) and plasma protein binding, modulate the metabolism pathway 
(ox.dat.on or hydrclytic), and the tissue binding and clearance (Edsbaecker and Jendro 1998) 

Adequate characterization of the overall pharmacokinetic drug properties is a necessary 
prerequ.s.te for comparing the pulmonary targeting. The time course of the pharmacological 
response is determined by both the concentration and time of free drug at the receptor site 
) Therefore, to assess the systemic exposure of the drug, it is important to observe the 
g.ucocort.coid concentration v, time profile in the systemic compartment by monitoring the 
Plasma level, Three commercially available inhaled glucocorticoid, triamcinolone acetonide 
(TA), budesonide (BUD), and fluticasone propionate (FP), are described below. 

4.6 Triamcinolone Acetonide (TA) 

TA entered the asthma market as the Azmacort MDI by Rhone-Poulenc in 1992 Doses 
of 200-400 meg/day (,00 meg/puff) at 2-4 times daily were recently shown to have comparable 
therapeunc effect in forced expiratory volume (Kelly, ,998b). The pulmonary deposition ratio 
from Azmacort MDI with spacer has been reported to be approximately 22% (Rohatagi et al 
1995). F.rst-pass metabolism in the liver to less active metabolites accounts for the reduced oral 
bioavailability of 20-25'Zo (Derendorf et al., ,995). Absorption of TA suspension in the lungs 
has been measured to be approximate 2 hours by the difference in half-.ives of intravenous ( 1 4- 
2.0 hours) versus inhaled (3.6 hours) doses (Rohatagi „ al.. 1995; Mollmann et al 1985) 
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TA. along with flunisolide. belongs to the second generation of glucocorticoids that 
show an increased receptor binding affinity (RBA = 361) (Wuerthwein et aL 1992). Pl^ 
protein binding for TA. similar to the other .nhaled glucocorticoids, has been reported at 7l7 
(Derendorf et aL, 1995). TA has a voiume of distribution of 100-150 L and has a mean^ 
residence time of 2.7 hours after intravenous administration (Derendorf et aL, 1995; Rohatagi et 
aL, 1995; Mollmann et aL. ,985). Clearance of TA is 37.3 L/hr and the major metabolite of TA 
.s 6-hydroxytriamcinolone aceton.de, whereas triamcinolone (TC) is only a minor metabolite 
(Rohatagi et aL, 1995; M6!lmann et aL, 1985). 

Triamcinolone acetonide phosphate (TAP), a water-soluble prodrug that is rapidly 
metabolized to TA, has been used for IV administration in humans (Mollmann et aL, 1985) 
TAP, which shows dose-dependent kinetics, has a plasma half-life of 3-4 min and releases 
active TA immediately. No unchanged ester is found in urine after IV administration 
uuhcanng a complete conversion of TAP prodrug to TA. In addition, the total body clearance 
of TAP exceeds the hepatic blood flow, indicating a large contribution of extrahepatic 
metabohsm due to hydroysis in the plasma (Mollmann et aL, 1985). Previously, it was shown 
that pulmonary administration of TAP in a sustained-release liposome formulation resulted in a 
higher pulmonary residence time, a prolonged pulmonary effect, and a higher lung to systemic 
drug ratio (Suarez et al. , 1 998). 



2 

O 20 4.7 BUDESONIDE (BUD) 
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Budesonide recently entered the United States drug market as Pulmicort™ Turbohaler 
(Astra USA) as the first inhaled glucocorticoid dry powder system. Prescribed doses of 400- 
1600 meg per day have been reported (Kelly, 1998b), with a pulmonary deposition ratio 
reported of 32% (16-59%) for ,he DPI and ,5% (3-47%) for the MD1 sold in Europe (Astra- 
USA, 1997). About 89% of an oral dose of budesonide undergoes first-pass metabolism 
resulting m an oral bioavailability of 1 1 % (Thorsson et aL , 1 994). 

Budesonide has a higher receptor binding affinity (RDA = 935) than TA and a higher 
protein binding (88%) (Thorsson et aL, ,994). Its volume of distribution at steady state is 183 
L, indicating high tissue affinity. Budesonide is a drug with a very high hepatic extraction ratio 
and a h,gh clearance (84 L/h) close to hepatic blood flow. The plasma half-life of budesonide is 
2-8 hours and is approximately the same after intravenous and inhalation administration, 
reflectmg a fast rate of dissolution and absorption in the lung (Ryrfeldt et aL. ,982). Similarly 
Thorsson et aL (1994) reported a C m „ of 3.5 nmcl/L at 0.3 hour after inhalation via Turbohaler 



- ■ C», of 2.3 ^ al 0 . 5 „ aftcr inhala . on ^ . ^ _ 
powder is no! rare limiting. d,y 

Budeso„idehasbeensho,™,ohav=fas,dis S ol Ut i 0 „ ra ,ei„U,elun ao f ralsfClla . 

- -0 and humans (Ryrfeldt m , 982) . Thus, decreasmg ils J^^Z' 
> -P^aon in micros or liposomes „ „ a ^ ^ £ ^ 

ta. absorp,,o» rare of micronized budesonide in suspension was compared withl, 0 
budeson.de in so,u,i„„ .ing , olaled „ m ^ ^ ^ ^ **« 

dittrence in lung absorprion ra, However, when budesonide 2.^1 
.ncorporared ,„,o iiposomes, bud eso»ide showed proionged re.en.ion ,ime W * - o h, aT 
.0 „ adminis^n ( Bra„sa„d and Ax e,sso„, 1W , However, some sru ^ 
•oenee te a por,i„„ of , he budeM „ ide dose , ^ ^ ^ £ 

< 1997). Such conjugal does no, appear to occur wi,h bedomemason, 
-^^I^.^.^^,,,,.^ Budesonide fa^: 
-5 c n^s ac, as an intraceHular s.ore of inactive d,g since o„ ly free budesonide bindll 
6 .ucoc„ n .co,d recep.or. Curre„ lly , this depot ^ ^ „„, _ *J 
increase m the therapeutic effect. 

4.8 Fluticasone Propionate (FP) 

20 fG, W u COmmerCia " y aVaihble " F ' OVen ' MD ' < G *— -> «• .-e Diskhaler DPI 
(O axo-weiicome,. Doses of IOMOO mcg/day for ^ ^ 

^ ^,000 n^dav for adul,s wi,h moderate asthma, and ,000,1 mc^t 

ir majority impac,s ° n "» ° roph ~ - * -«o«d. 

tan, exKmjve ^ me(abo|jsra 

MAT of 4.9 hours, leading „ prolonged ^ ,.„ te ^ 
30 concentrations (Derendorf, 1997). P 

9CU (Me,bohm. ,998) compared ,o TA and BUD. The volume of dis.ribu,ion of flu,icale 
propionate at steady stale (Vd lis 318 1 „hi,h • ■ ■> o, mmcasone 

< ",J is , 1 8 L. which ,s ,„ agreement with the high lipophilic,* of 
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the molecule (Mack.e « aL 1996). Rapid hepatic clearance of 66 L/hr minimizes systemic side 
effects, with almost 87-100% of the drug excreted in the feces, and 3-40% as the inactive 17- 

carboxylic acid (Holliday et aL, 1994). 

After IV administration, FP follows a three-compartment body model with its terminal 
5 half-life ranging between 7.7-8.3 hours (Mackie et aL 1996). Absorption of FP in humans is 
slower than that of TA and BUD and is the overall rate-limiting step in the lungs, and as a result 
termmal half-life values of 10 hours have been reported after inhalation (Thorsson et aL 1997) 
In a recent study it was shown that the t 1/2 is dose-dependent and ranged between 5.2-7 4 hours 
with a mean of 6.0 ± 0.7 hours (Mollmann et aL, 1998). The reported value for the mean 
10 restdence time of FP after inhaled administration, calculated as the area under the first moment 
curve (AUMC) divided by AUG, averaged 9.1 ± ,., hours (ranging from 7.8-1, hours 
(Mollmann et aL, 1998)). The mean absorption time after inhalation of FP was found to range 
from 3.6-6.8 hours with a mean of approximately 5.0 hours (Mollmann et aL, 1998). 

15 4.9 Formulation Dependent Factors 

Delivery devices such as dry powder inhalers and metered dose inhalers have been 
improved in the last few years such that pulmonary deposition can range fr om i 0 % f or 
conventional delivery systems to up to 40% for recently developed third generation devices 
(Newman et aL, 1997). As a general rule, pulmonary delivery devices with high pulmonary 
20 deposuion are beneficial for achieving pulmonary targeting; however, efficient delivery is not as 
.mportant for substances with low oral bioavailability, because systemic side effects related to 
orally absorbed drug are insignificant (Hochhaus et aL, 1997). 

PD/PD simulations were also able to demonstrate that pulmonary targeting depends on 
the dose. At low doses, pulmonary and systemic receptors are hardly occupied with small 
25 differences between pulmonary and systemic receptors. Pulmonary receptors are getting 
saturated at higher doses, while systemic levels are still too low to show significant receptor 
binding. At a certain point, a further increase in dose will not result in a further increase in 
receptor occupancy. However, more drug will enter the systemic circulation, resulting in an 
increase in the systemic receptor occupancy and a loss of pulmonary targeting. Thus, both low 
30 and high doses of a glucocorticoid will result in close superposition of lung and liver receptor 
occupancy and. consequently, in low pulmonary targeting. These simulations suggest that there 
is a dose optimum for which maximum pulmonary selectivity is observed. Although it is 
recognized that a dose optimum might not necessarily be directly indicative of clinical response 
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in asthma of varying seventy, these relationships clearly show that overdosing and under-dosino 
will always go parallel with a decreased pulmonary targeting. 

Interestingly, one of the predominant factors responsible for pulmonary targeting, the 
pulmonary mean residence time, has not been extensively evaluated. Pulmonary residence time 
is determined by the release rate of the inhaled particle from an inhaled solid (powder) or an 
alternative delivery system such as liposomes, the absorption rate of dissolved drug across 
pulmonary membranes and the mucociliary clearance which is able to remove drug particles 
from the upper portions of the lung. The absorption across membranes is a rapid process for 
lipophilic glucocorticoids (Burton and Schanker, 1974), and, consequently, the dissolution rate 
of a- glucocorticoid powder will be the main determinant for controlling the pulmonary 
residence time. Simulations using a recently developed PD/PD model showed that for 
inhalation products with very rapid release kinetics - a solution would represent this extreme - 
no targeting is observed because of the very fast absorption from the lung into the systemic 
circulation. With decreasing release rate (dissolution rate), pulmonary targeting is increased as 
indicated by a dissociation of pulmonary and systemic receptor occupancies. A further decrease 
in release rate will consequently lead to a decrease in pulmonary targeting as a significant 
portion of the drug is removed via the mucociliary clearance and after swallowing is available 
for oral absorption. Thus, inhaled glucocorticoids should possess certain dissolution or release 
characteristics in order to show significant targeting. 



4.10 Controlled Release 

It has been demonstrated that encapsulation of glucocorticoids into liposomes can lead 
to the enhancement of therapeutic efficacy, with a reduction in their toxicity and prolongation of 
their therapeutic effect (Brattsand and Axelsson, 1997; Suarez et ai, 1998). Other methods of 
25 obtaining controlled release in the lungs, such as polymeric microspheres and 
microencapsulation techniques (Zeng et ai, 1 995), are described in this section. 

4.1 1 Biodegradable Microspheres 

Biodegradable polymers are being used in a large number of biomedical applications 
such as resorbable sutures, internal fixation devices, degradable scaffolds for tissue 
regeneration, and matrices for drug delivery. The biocompatibility of these polymers has been 
reviewed (Therin et aL 1992). A variety of synthetic and natural polymers have been found to 
exhibit minima) inflammatory response in various implantation sites (Zeng et aL 1995). 
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The advantages of microspheres over liposomes include greater range of sizes, higher 
stability and shelf life, and longer retention in vivo (up to 6 months) (Zeng et al., 1995). 
Biodegradation is associated with materials that can be broken down by natural means such as 
enzymatic or hydrolytic degradation (Chu et al., 1995). Biodegradation of poly(lactic acid) 
5 (PLA), poly(glycolic acid) (PGA), and their copolymers poly(lactic-co-glycolic acid) (PLGA) 
yield the natural metabolic products lactic acid and glycolic acid, which are incorporated into 
the tricarboxiylic acid cycle and excreted (Edwards et al., 1997). 

Although several reports of inhaled microsphere preparations have shown improvements 
in targeted and sustained drug release, there have been no reports on glucocorticoid 
10 microspheres. PLGA microspheres of isoproterenol, a beta-agonist bronchodilator, 
intratracheally administered in rats was shown to ameliorate bronchconstriction for 12 hours in 
contrast to 30 min after free isopreternol administration (Lai et al., 1993). Preparations of large, 
porous particles of PLGA encapsulated testosterone and insulin by double-emulsion solvent 
evaporation showed effects up to 96 hours while improving deposition (Edwards et al., 1997). 
Sustained release of 2% rifampin from PLGA microspheres from 3-7 days in guinea pigs has 
been shown to reduce mycobacterium infection in macrophages (Hickey et al., 1998). 
Unfortunately, low encapsulation efficiencies (<40%) and concerns of accumulation of slowly 
degrading polymers in the lungs for long-term use have limited the therapeutic application of 
polymeric pulmonary sustained release systems. 
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4.12 Microencapsulation 

The area of microencapsulation is relatively new, previously limited to solvent 
evaporation techniques (Thies, 1982; Manekar et al., 1992; Conti et al., 1992; Gopferich et al., 
1994). Currently there are several different ways of applying coatings to particles in industry, 
25 mainly through spray-coating technologies (Gopferich et al, 1994). Pranlukast, a luekotriene 
inhibitor, encapsulated with hydroxypropylmethylcellulose (HPMC) nanospheres prepared by 
spray drying showed an improvement in inhalation efficiency but did not show a significant 
difference in the dissolution rate (Kawashima et al., 1998). The disadvantages of applying 
micron-thick coatings for sustained-release (10-100 microns thick) (Glatt. 1998) is that large 
30 quantities of solvents must be dried under strong venting and that an increase in panicle size 
reduces the inhalation efficiency (Zeng et al., 1995; Talton, 1999). 
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5.0 Examples 

The following examples are included to demonstrate preferred embodiments of the 
•nvention. It should be appreciated by those of skill in the art that the techniques disclosed in 
the examples which follow represent techniques discovered by the inventors to Action well i„ 
5 the practice of the invention, and thus can be considered to constitute preferred modes for its 
pract.ce. However, those of skill in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments which are disclosed and still obtain 
a like or similar result without departing from the spirit and scope of the invention. 

10 5.1 Example l 

Currently, dry powder inhalers (DPIs) are used to deliver various drugs to the lungs for 
localized or systemic delivery. Although current formulations and delivery svstems are 
adequate for pulmonary drug therapy, they are limited by potential problems with pulmonary 
depos.t.on characteristics as well as the residence time of the drug after inhalation (Hochhaus et 
15 al., 1997). Previously, liposomes were used as a model sustained release system with a substan- 
tial .movement in pulmonary targeting in rat, (Suarez et al., 1998). Liposomes and 
microspheres have been investigated as sustained release delivery systems for the lung (Zeng et 
al., 1995; Edwards et al., 1997), but because of complicated manufacturing and wet processing 
a novel dry coating technique previously developed for engineered particulates using pulsed 
20 laser deposition (PLD) is proposed (Fitz-Gerald, 1998). It is proposed that modification of the 
release rate of the drug from dry powders by applying a biodegradable polymer coating would 
greatly enhance the pulmonary residence time, and thus improve pulmonary targeting. 

Over the past few years, the pulsed laser deposition (PLD) technique has emerged as one 
of the simplest and most versatile methods for the deposition of thin films of a wide variety of 
25 materials (Chrisey and Hub.er, 1994). The stoichiometric removal of the constituent species 
from the target during ablation (/.,. a monomer and nanoclusters of polymer) from a polymer 
target, as well as the relatively small number of control parameters, are the two major 
advantages of PLD over some of the other physical vapor deposition techniques. No studies 
have currently been performed using biodegradable polymers for coating materials by PLD so 
30 comparison of the molecular structure of the deposited films to original material was performed 
to ensure that the polymer structure remained intact after deposition. 

Overall this section describes the use of PLD to ablate a target of biodegradable 
polymer, polyflactic-co-glycol.c acid) (PLGA 50:50). to coat budesonide (BUD) micronized 
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drug particles for 10 (BUD 10) and 25 (BUD25) min runs. Characterization of films deposited 
on silicon wafers or glass slides was performed using SEM. FTIR, and NMR to characterize 
polymer structure and morphology. The BUD 10 and BUD25 coated powders were tested in 
vitro to assess differences in the dissolution rates. The BUD25 coated drug formulation was 
5 administered intratracheal^ /* vivo in rats to monitor plasma concentration and improvement in 
pulmonary targeting. Comparison of the plasma concentrations after IT administration of the 
coated powders with uncoated BUD powders and IV administration of BUD solution, as well as 
with FP after IT administration, were performed to compare absorption rates. Finally, the 
pulmonary targeting of coating BUD25 powders after IT administration was compared with the 
10 pulmonary targeting of uncoated BUD and FP powders after IT administration and BUD 
solution after IV administration. Verification of deposited polymer on silicon wafers using 
NMR and FTIR was used to characterize molecular structure. The use of a coated particle 
formulation of budesonide (BUD25) with slower dissolution characteristics in vitro was 
delivered in vivo in rats to observe differences in absorption and pulmonary targeting. 

Although the comparison of particle size and morphology using SEM was more or less 
qualitative and not quantitative, SEM photomicrographs of the polymeric coatings after 
deposition show the relatively nanometer thick level of coatings formed using the PLD 
technique. SEM photomicrographs of polymer deposited onto silicon wafers at different run 
times suggested that 1 00-nanometer size or smaller droplets were deposited and formed a 
continuous coating after several min. SEM photomicrographs comparing uncoated particles to 
coated particles showed no observable difference in particle size after coating, but this is 
difficult to quantitate with standard techniques at the nanometer level. Further analysis should 
be performed to accurately quantitate the coating structure and thickness, but HPLC analysis of 
dissolved coated powders in solution compared to pure powder showed polymer mass less than 
25 0.1% weight. 

Analysis of the polymer samples using FTIR and NMR verified that the deposited 
polymer retained its molecular structure after deposition. Analysis using FTIR was successful 
in confirming that the general composition peaks of the polymer backbone did not change 
dramatically after deposition. Characterization using NMR also showed similar characteristic 
peaks between PLGA deposited on silicon wafers and original PLGA. Both techniques were 
not quantitative, though, because the sensitivity and the scans are dependent on the amount of 
material used, and as stated above only a small amount of polymer is deposited using this 
technique. 
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Dtssolution analysis ,n vi.ro of BUDIO (10 min coa,i„ g ) and BUD25 (25 min coatine) 
showed biphasic dissolution rates wi,h of 29 and 60 min. respectively. There appears ,o * 
an eariy release of uncoated drug in the firs, 5 min . ^ then , slow re|ease rf ^ ^ 
paroles over 1-2 hour, This re.ease may be beneficial ,o obtain therapeutic levels 
.mmedia,ely, while ,he coaied portion released over !-2 hours maintains concentrations close to 
therapeutic levels longer while reducing systemic spillover. 

In rat studies, the peak plasma concentration of BUD25 after intratracheal administration 
was a, lOhourfv, 0.5 hour for free powders). While the AUC appears to be higher than f„ r 
the free BUD powders, verification of powder formulations showed an approximately two-fold 
10 mcrease i„ the dose administered to rat, The MAT was calculated to be 0.8 hour „ 0 3 hour 
for the free powder, interestingly similar to the ,„ *, dissolution half-life of 1 0 hour 
Although this change in the in vil ro dissolution and in v,v„ absorption rate was an improvement' 
further studies should be performed with coatings of longer dissolution rate to further evaluate' 
the relattonship of dissolution rate on absorption rate and pulmonary targeting. 

The receptor-binding profiles in rats for BUD25 showed an improvement in pulmonary 
targeting over BUD free powders in the lung v, liver and ,„„ g v, kidney, and a higher 
pulmonary targeting than FP when comparing the receptor binding profiles in the lung vs 
k-dney. ta addition, the pulmonary MET increased almost 2 houn, to 5.5 hours compared to 3 6 
hours after the free powder. Considering the improvement i„ pulmonary targeting Dy ^ 
changmg the dissolution rate of budesonide, this strong!, suggests tot the increase in 
pulmonary targeting of BUD25 coated powders is obtained by controlling the release rate of 
budesonide into the lung. 

Currently/there is much interest in controlling release of biotechnology and gene 
therapy agents in the lungs (Edwards „ al., 1997). ' Other techniques including low-density 
nucrospheres (Edwards et aL 1997), spray-coated microparticles (Witschi and Mrsny 1999) 
conventional microspheres (Pillai et aL 1998), and liposomes (Brattsand and Axelsson 1997- 
Suarez et < ,998) have been researched but currently have not been granted Food and Drug 
Admuustranon approval. Increases in the p U , m onary half-lives up to 18 hours of locally-active 
agents ,„ liposome formulations have been shown (Fielding and Abra. 1992; McCullough and 
Juhano, 1979). In particular, the plasma concentration profiles and pulmonary targeting of 
hposome encapsulated triamcinolone acetonide phosphate showed an increase in the mean 
absorpnon time from liposomal release (5.6 hours) and resulted in a statistically sienificant 
increase ,n pulmonary targeting (Suarez et aL 1998). Although the PLGA coated budesonide 



dry powders presented here only resulted in an increase in the MAT of 0.8 hour when compared 
to uncoated budesonide. a statistically significant increase in pulmonary targeting was also 
observed. This would indicate that small changes in the release rate of pulmonary drug 
formulations enhance the local vs. systemic effects observed (Talton. 1 999). 

5 

5.2 Example 2 

Various coatings of pol y (lactic-gl y coIic) acid (PLGA) were deposited onto mironized 
TA particles, another currently used anti-asthma drug, under similar coating conditions with 
PLGA, in order to test sustained-release dissolution profiles. The coatings were of nanometer 
10 dimensions and extended release rate of the drug beyond 24 hours, as shown in FIG. 6. 

The coated TA2 powder (coated at 2 hertz) reached 90% release at approximately 12 
hours and the coated TA5 powder (coated at 5 hertz) reached 90% release beyond 24 hours. 
This was compared to uncoated micronized TA that reached 90% release at approximately 9 
hours (FIG. 7). 

15 Aerodynamic particle size of coated powders, using an Anderson Mark II Cascade 

Impactor, showed no statistically significant increase in particle size. In addition, although not 
statistically significant, the respirable fraction (stages 3 to 5) of coated TA showed an increased 
deposition compared to uncoated TA. 

In vitro rat alveolar cell survival and proliferation at various concentrations of coated vs. 

0 uncoated drugs was compared using the tetrazolium based colorimetric assay (MTT). Cell 
viability decreased when incubating cells with high concentration for a longer time period, with 
no significant difference in cell toxicity between uncoated and coated TA. 

5-3 Example 3 

Mycobacterium tuberculosis (MTB) is the most prevalent infectious agent infecting one 
third of the world's population. Coinfection of tuberculosis (TB) and Human 
Immunodeficiency Virus (HIV) is present in a significant number of new TB cases. Particularly 
dangerous is the emergence of Multiple Drug Resistant (MDR) strains that increase the spread 
and chances of infection of this airborne microorganism. Therefore, the need exists for 
developing drugs and pharmaceutical formulations that are more effective in localized treatment 
of the disease. This example describes the preparation of microencpsulated drug particles 
containing rifampicin, and their delivery ,o the lungs to specifically target alveolar 
macrophages, the host cells of this organism. 
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MTB baclli are generally inhaled e„,er ,he areolar macrophages W„ specific bindine 
followed by in.ernaliza.ion (Fenton. W6) . From |ungs , he micn)organism „ ^ ^ 
other organs lhr0U gh ,he bloc, supply, bu, ,he primary she of infecion M d highes. 
concentration of infected cells remains the lungs. Generally, oral therapv of 450-600 rag . day 
> of nfampicin is the firs, line therapy for tuberculosis. Unlike in the treatment of asthma 
currently there axe no inhaled formulations for TB therapy, bu, microsphere preparations have' 
been mvestigated and shown efficacy in guinea pigs (Hickey, 1998). In addition, i, has been 
shown that sustained-release of inhaled glucocorticoids in astaa therapies, such as 
•namcnolone ace.on.de and budesonide, showed improved loca! vs. systemic efiecs While 
10 .nhalanon merapy is used .„ induce significant pulmonary effects wi,h reduced systemic side 
effects, there are a number of factors tha, need to be considered for optimized putaonary 
targcng. n,ese include low oral bioavailabili.y, high systemic clearance, and disunc, 
pulmonary deposition (Hochhaus, 1997). The most important factor that has been neglected in 
the l.lerature is .he slow pulmonary absorp.ion of the deposited drug. 
15 The particle size of commercially available rifampin ranges from about 100 to about 500 
rmcrons. Using a milling process tha. comprises jets of air in a small chamber disrupting the 
drug (basically by the particles hining each other and breaking apart) the invemors prepared 
parties havng an average diameter of about I to about 5 microns. Abou. 25% of the partides 
were above 5 microns, abou, 50% were in the range of from about I ,o abou, 5 microns, a*d 
25% of Ae particles were smaller than abou, I micron. These ratios can be altered by 
comrolluig ,he rumime and pressure of the jets in the mill. 

500 mg of the me I to 5 micron size fraction was selected and coated for 10 minutes 
usmg ,he laser abla,i„„ meU,„d described above. /„ v/m, dissolution of c„a,ed nfampicin 
reached 90% release after 6 hours compared to fas, release of uncoated RIF, which reached 90% 
release within ,5 min (FIG. 8 ). Similar to TA. particle size did no, increase significandy after 
coating and showed no difference in cell viabili.y after inc„ba,i„„ compared .o uncled 
powders at similar concentrations. 
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All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in terms of preferred 
embodiments, it will be apparent to those of skill in the art that variations may be applied to the 
composition, methods and in the steps or in the sequence of steps of the method described 
herein without departing from the concept, spirit and scope of the invention. More specifically, 
it will be apparent that certain agents which are both chemically and physiologically related 
15 may be substituted for the agents described herein while the same or similar results would be 
achieved. All such similar substitutes and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the invention as defined by the appended 
claims. Accordingly, the exclusive rights sought to be patented are as described in the claims 
below. 



